

































































et al.; 1986、Sirardand La・bert;1986、Luet al.;1987、演；1989、Utsumiet al.; 









(Brackett et al.; 1982、Shirardand Lambert;1986）。しかし、 1986年に花田らとCrト
tser et al. (1986）が体外成熟した卵母細胞を体外で処理した精子との体外受精で得た匪
を家兎あるいはヒツジ卵管で匪盤胞まで発生させた後、非外科的な移植で受胎、妊娠例
を報告した。この報告の後、提原ら（1987）、Gotoet al. (1988）、Luet al. (1988）、Fukui












めてその判定が可能となる。 Newcombet al. (1978）によって体内で受精能積得した精子
? ?
との受精により体外成熟した卵母細胞も個体へ発生する能力を持つことは証明されたが、













れたのは、 Iri tan i and Ni wa(l977）の家兎卵管またはウシ卵管内での前培養による受精
能濃得誘起法であった。その後、化学的に組成の明確な培地を用いた実験系の開発が望
まれたが、 Brackettet al. (1982）は高イオン強度培地での前培養により受精例を報告し、
体内成熟卵母細胞との受精で産子を得た。続いて、比較的高濃度で精子前培養処理する
(lritani et al. ;1984）方法やIonophoaA-23187に感作（花田；1985）、 Caffeineに感作




Handrow et al.;1982、Parrishet al.; 1985、Fraser;1987、Joneset al.;1980、Lee!-

















匪牛から回収された匪盤胞と異なることが報告されている（Iwasakiet a I.; 1990a）。そ
こで、培養条件の改善によって質の高い匪を作出することが必要である。
ウシ体外受精・体外培養匪の作出例は近年急激に増加し、その移植、出産例も報告さ
れているが（梶原ら；1987,Gotoet al.;1988, Lu et al.;1988，湊；1989,Fukuda et a I.










































and Enzmann; 1935, Edward;1965）。ウシにおいても体内とほぼ同様の時間的経過で卵
子の成熟が進行すること（佐藤ら；1978,Fukui et al.; 1985）、体外受精すると匪盤胞へ
発生すること、さらに受匪牛に移植すると受胎、分娩することがそれぞれ報告されてい


































































Table 2-1. Composition of Brackett and Oliphant medium (BO) 
Components mM Weight (g) /1 
NaCl 112.00 6.550 
KCl 4.02 0.300 
NaH2P04 2H20 0.82 0.182 
NaHCOa 37.00 3.104 
匂Cl22H20 2.25 0.330 
M9Cl2 6H20 0.52 0.106 
Glucose 13.90 2.500 
Na pyruvate 1.25 0.138 
Bovine serum albumin 3.000 
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Fig. 2-1. Early stage of fertilization in vitro of bovine follicular oocytes 
An oocyte fixed 12h after insemination . Female (F) and male (M) pronuclei , 

























Table 2-2. Effects of gonadotropins and estradiol-17βin maturation 
medium on subsequent capacity for in vitro fertilization 
of bovine oocytes 
Treat-LH FSH E2 No. of No. of oocytes 
聞ent (μg/ml) trials Examined M-I Fertilized(%) Polyspermy 
A 5 44 4 40 (90.9) 3 
B 10 6 51 6 45 (88.2) 7 
c 10 2 6 47 5 42 (89.4) 5 
D 10 10 6 43 4 39 (90. 7) 4 
Oocytes were cultured for 22 hours in an i『1cubatorat 39・cunder 5% C02 
in air. The medium used for oocyte culture was 25mM HEPES buffered TCM-199 
with Earl’S泊lts(Gibco,U.S.A.) containing 10% (v/v) fetal calf seru11(FCS). 
Final sperm concentration was at 12.5× 106 cel 1 s I聞1.Oocytes were 
examined 10-18h after insemination. 
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I 
Fig. 2-2 . Bovine ovarian oocytes with expanded cumulus cell masses 
following culture for 22hr in TCM-199 without hormone(group A) 
and with hormones(group 0) . 
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Table 2-3. Effects of gonadotropins and estradiol-17βsupplemented into 
maturation聞ediumon subsequent maturation and development 
in vitro of bovine oocytes 
Treat-LH FSH E2 No. of No. (%) of eggs 
ment (μg／聞l) trials Examined 2-cell< 4-cell < 
A 6 326 196 (60. 1) 122 (37.4)• 
B 10 6 328 165 (49.8) 103 (31.4)•.b 
c 10 2 6 343 166 (48.4) 102 (29. 7)b 。10 10 6 343 177 (51.6) 122 (35. 6）•・ b
a,b:The different superscr・iptsare sig『iificantlydifferent (P<O. 05). 















チン、テストステロン）を添加することが必要であるとされている（Thibaultet al.; 19 










Table 2-4. Effects of gonadotropins and estradiol-17βsupplemented 
into maturatio『1medium on the subsequent deve 1 opment into 
blastocysts of in vitro fertilized bovine embryos 
Treat-LH FSH E2 No. of Recovered embryos/ No. (i) of embryos 
ment (μg/ml) trials transferred embryos developed to blastocysts 
A 6 101/122 40 (39.6) 
8 10 5 75／倒 37 (49.3) 
c 10 2 3 50/ 53 18 (36.0) 。10 10 4 75/ 86 26 (34. 7) 
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Table 2-5. Resl』ltsof non-surgical transfer of embryos derived 
fro岡oocytesmatured and fertilized in vitro 
Treat-Cow no. Pretreated No.of Fresh Parturition(BW）・
A. I. blastocysts or or 
ment transferred frozen return data 
261 ＋ 2 Fresh Parturition(51.0) 
A 275 ＋ 3 Frozen （＋） 
285 ＋ 2 Frozen Return on day 50 
297 2 Frozen Return on day 42 
’ー ーー ーー 植園田ー ーー ーー ，ー ーー ーー ーー ーー ーー ーー ーー ーー 曹ー司ー ーー ，ー ーー ーー ーー ーー ーー ーー ーー ーー ーー ーー ーー ーー ーー ーー ーー ーー ー









Frozen Parturition(31.5)(35.J)• • 
Frozen Partu「ition(40.5)D 
(+):Pregnancy by A. I. 
*:Birth weight 















87,Xu et al.; 1987b）、これらを考慮に入れた、より厳密な検討が必要と考えられる。
































a I.(1983）および湊ら(1986）によりなされている。 Lenzet al. (1983）は、 37℃の培養区
に比べて39℃での培養区が卵母細胞の成熟率および受精率が高いと述べている。また、
湊ら(1986）は、卵母細胞を39℃で成熟培養した区が37℃で培養した区より第2減数分裂
中期の出現ピークまでの時間が短縮することを認めている。同様に、 Enget al. (1986) 
は、プタ卵母細胞の培養において、 39℃が37℃より第1極体放出割合の高いことを確認
している。しかしながら、以上の報告は受精以後の発生能について明らかにしていない。











































後標本作成までの温度をそれぞれl区： 37・37-37℃、 2区： 37・39-39℃、 3区： 39・37-37℃、



















Table 2-6. Effect of incubation temperature for maturation and 
fertilization of bovine oocytes on the subsequent 
fertilization rates in vitro 
Incubation No. of oocytes 






















64 (61. 5) 
62 (45.6）・ 59 (43.4）・





* : P<0.05, * * :P<0.01 in same column in same bull. 
-25 -
Table 2-7. Effect of incubation temperature for oocyte maturation, 
sperm capacitation and fertilization on the fertilization 
rates of bovine oocytes in vitro 
Incubation temperature（℃） No. (%) of oocytes 
before sperm at & after 
msem1-premcu-msem1- Examined Unfertilized Fertilized Monospermy 
nation bation 『1ation 
37 37 37 121 49 72 (59. 5)0 70 (57.9)b 
37 39 39 60 8 52 (86.7)• 40 (66. 7)• b 
39 37 37 127 44 83 (65.4)bc 7 (60.6)b 
39 37 39 68 16 52 (76.S)•b 45 (66.2)•b 
39 39 37 66 21 45 (68. 9)bc 42 (63.6)b 
39 39 39 124 19 105 (84.7)• 98 (79.0)• 



























Table 2-8. Effect of incubation temperature on the developmental ability 
of bovine oocytes matured, fertilized and cultured in vitro 
Incubation No. of No. (%) of embryos 
temperature（℃） 
eggs 48h after insemination 7(8) days 
Before After 
fertil- fertil-examined 
ization ization 1-3cell 4-cell 5-Bce 1 Blastocyst 
37 37 117 84 16 17(14.5)0 0(3) 
37 39 110 47 13 50(45.5）ー 8(0) 
39 37 110 回 24 28(25.5)b 0(6) 
39 39 114 49 9 56(49.1)・ 14(1) 












Lavy et al. (1988）の報告では、培養温度が初期肢の発育速度に大きく関与しており、
39℃が37℃および41℃に比較して発育が速いとしている。今回の結果も同様に39℃の培
養温度が37℃より良好であった。また、 Lavyet al. (1988）は、マウス匪が39・Cで発育の
速い原因について、体細胞と同様に匪細胞においてもDN A合成能が上昇するためであ
























































Fig. 2-3. Equipments for gas mixing and culture. 
A) Culture dishes in the small desiccator. 















































Table 2-9. The effect of oxygen tension on the development 
of bovine oocytes matured in vitro 
of oocytes No. Oxygen No. 
tension in of 








































a,b:The different superscripts are significantly 
different(P<0.05). 
本：Deg.;Degenerated,GV-T-I;Germinal vesicle to telophase-I, 
M-I I;Meta phase-I 
??? 。
Table 2-10. The effect of oxygen tension in the gas phase during 
maturation process on the fertilization of bovine oocytes 





































a,b:The different superscripts are significantly 
different(P<0.05). 
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Table 2-11. The effect of oxygen tension on the developmental capacity 
of bovine oocytes matured and fertilized in vitro 
Oxygen No. of No.(%) of eggs after insemination 
eggs 48 hrs 7～8 days 
tension examined 1-3ce 1 4-cell ~ Blastocyst 
( "(.;/ 
5 213 74 139 (65.3) 51 (23.9）・
20 188 86 102 (54.3) 27 (14 .4)b 





























Table 2-12. Oxygen and C02 tension and pH in the medium 
under mixed gas after 24 hours culture 
Oxygen Medium condition 
tension 
in gas oxygen pressure C02 pressure pH 
phase(%) (mmHg) （%〕 (mmHg) 
2.5 68.8 〔9.1〕 30.9 7.4 
5 76.8 〔10.1〕 30.6 7.4 
10 99.3 〔13.1〕 31.9 7.4 
20 167.3 〔22.0〕 30.3 7.4 












et al.; 1987）、マウス（小野寺と角田；1988,Quinn and Har I ow; 1978，馬岡ら；1989）、ヒ
ツジ（Tervit et al.; 1972）、プタ（Davisand Day;1978, Wright;I977）あるいは、ウシ
(Tervit et al.;1972, Wright et al.;I976a,b, Thompson et al.;1990）において検討さ
れ、空気中よりも酸素濃度の低い5%気相が適しているとされている。その理由について

















































































主有 3 主E ウシ¢本タト雪を来青E之主0 t-アる軽量左往左ドイ国手本Eこ
Jこる雲を本青ヰ豆OJ室主主主主と＊宵弓子盲苛土音芸婁日寺。〉












体外受精に用いる方法（花田ら，1986、Critseret al.,1986,Lu et al.,1987）は、 Bett-

























































Table 3-1. In vitro fertilization of bovine oocytes with 
frozen-thawed sperm capacitated in BO medium 
Bull No. of No.(%) of oocytes 
no. oocytes 
examined Matured Fertilized Polyspermy 
28 28 (100) 28 (100)• 6 (21.4) 
2 48 47 (97.9) 46 (95.8)• 8 (17.4) 
3 44 43 (97.7) 42 (95.5)• 12 (28.6) 
4 43 43 (100) 41 (95.3)• 7 (17.1) 
5 37 35 (94.6) 35 (94.6)• 16 (45. 7) 
6 36 36 (100) 34 (94.4)• 10 (29.4) 
7 41 40 (97.6) 38 (92.7）ー 9 (23.7) 
8 40 40 (100) 37 (92.5)• 9 (24.3) 
9 41 39 (95.1) 38 (92.3)• 7 (18.4) 
10 36 34 (94.4) 33 (91. 7)• 9 (27.3) 
1 47 46 (97. 9) 43 (91. 5)• 9 (20.9) 
12 55 52 (94.5) 50 (90.9)• 7 (14.0) 
13 40 38 (95.0) 35 (87. S)• 6(17.1) 
14 50 47 (94.0) 42 (84.0)• 7 (16.7) 
15 31 28 (90.3) 26 (83.9)• 3 (11.5) 
16 43 39 (90. 7) 34 (79.1)• 7 (20.6) 
17 44 39 (88.6) 34 (77. 3)• 3 ( 8.8) 
18 37 32 (86.5) 27 (73.0)• 2 ( 7.4) 
19 39 35 (89. 7) 6 (15.4)b 。
20 37 33 (89.2) 5 (13.S)b 。
a,b:The different superscripts are significantly 
different (P<0.05). 
19ー
Fig. 3-1 . Four-cell embryo obtained 48h after insemination. 
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Bovine oocytes fertilized and cultured in vitro 




3-cell 4孟ce1 fertilized egg 
No. (%) of embryos No. of % of 
oocytes oocytes 





















3 ( 7.7)b 
? ? ? ? ? ? ? ?
． ，
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られる。福島ら（1986）とOhgodaet a I.( 1988）は、種雄牛の人工授精後の受胎成績と体外











































体外受精匪から産子が得られている（Brackettet al.; 1982、花田ら；1986、Critseret 
al.; 1986、Gotoet al.;1988、Shioyaet al.; 1989、Utsumiet al.; 1991）。最近はHepを用
いた系の報告が多くみられるようになった（Luet al; 1988、Xuet al.;1988,Fukui and 
Ono; 1989、Fukuiet al.;1990, Fukui;l990）。一方、 Niwaand Ohgota(1988）は、 Hepお
よびCafを併用した場合に個体によっては受精率が改善される場合のあることを示してい
る。また、種々の精子処理の後に精子侵入の経時的変化を検討した報告がHep処理では
Xu and Greve(1988）、HepとCaf処理ではParket al. (1989）と高濃度精子前培養処理では







Fig. 3-2. Various stages of ferti 1 ization in vitro of bovine follicular 
oocytes. 
A) The penetrating spermatozoon with detached tail in vitellus. Sperm head is 
stil 1 intact. The oocytes was fixed and stained 2h after insemination. 
×400. 
B) The penetrating spermatozoon in vitellus. Sperm head is partially enlarged 
with detached tail. The oocyte was fixed and stained 4h after insemination. 
×400. 
C) An oocyte at anaphase-11, fixed 2h after insemination.×400. 
D) An oocyte at telophase-11 with polar body (PB), fixed 4h after 
insemination.×400. 
E) An oocyte with male (H) and female (F) pronuclei, second polar body (PB) 






























Table 3-3. Effect of sperm preincubation time for capacitation and 
insemination on the fe「til i zat ion of bovine oocytes 
matured in vitro 
Pre- Fixation No. of oocytes 
incubation after 
time inse11i-Examined GV H-II A-II Honospermy(%) Poly-
nation 
(hours) (hours) T-I T-II Total A-II T-II SH Both spenny 
PN 
。 2 23 。15 。O( 0. ) 。。。。。
3 32 9 21 。2( 6.3) 。。。
4 28 4 16 。8(28.6) 。6 2 。。
18 64 4 47(73.4) 。。。47 1 
ーーーーーーーーーーーーーーーーーーーーーーー－ －ーーーーーーーーーーーーーーーー司ーーーーーーーーーーーーーーーーーー－－ーーーーーーーーーーーーーーーーーーーーーーーー
2.5 2 20 7 12 O( 0. ) 。。。。。
3 30 7 10 12(40.0) 。12 。。。
4 32 3 6 。23(71.9) 。17 6 。。
18 61 3 8 37(60.7) 。 。36 12 
ーーーーーーーーーーーーー－ ---－ー』ーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーー司ーーーーーーーーーーーーーーーーー
5 2 21 6 1 1( 4.8) 。。。。。
3 30 4 10 。16(53.3) 。16 。。。
4 30 2 3 2 22(73.3) 。15 7 。
18 62 3 4 3 37(59.7) 。。。37 15 
GV: germinal vesicle, T -I: tel ophase I, M-I: metaphase I I.A-I: anaphase I, 
T-II:telophase II. SH:enlarged sperm head and female pronucleus, Both PN:male 
and female pronuclei. 
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Table 3-4. Effect of heparin and/or caffeine pretreatment of sperm 
on the fertilization of bovine oocytes 
of oocytes No. No. 
of 
trial 





Examined name Heparin caffeine 





















































































1 ( 5.Q)b 
2 ( 7.4)b 








































a,b,c,d: The same superscripts are not significantly 
different in the same cylinder (P<0.05). 
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Table 3-5. Effect of heparin and/or caffeine pretreatment of sperm on 
the fertilization and subsequent development of bovine oocytes. 









8 (13. 6)b 
19 (24. 7)• b 
39 (26. 5)• 
48 (36.4)• 



































4 ( 4.2) d 2 ( 2. 1)b 
12 (12.9)cd 10 (10.8)• 
18 (23.1)•bc14 (17.9）・
26 (25.2)•b 16 (15.5)• 
33 (33.0)• 19 (19.0)• 

























































Goto et al. (1988）やShioyaet al. (1989）がまた、 Hep処理はParrishet al. (1985, 198 
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Table 3-6. Developmental stages of oocyte and spermatozoa chromatin after 
insemination in vitro 





Ana- Telo-Female・ Both 
phase phase pro- pro-
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事：Fema1 e pronuc 1 eus with enlarged sperm head and detached tail. 
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Fertilization rate （財）
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Culture time after insemination(hrs) 
Fis. 3-3. Fertilization rates of bovine oocytes 










40 L・ ? 、











10 12 15 18 
Culture time after insemination （ ~rs) 
Fig. 3-4. Telophase-11 stage oocytes 
matured and fertilized in vitro 
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Rate of oocytes （月）
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10 12 15 18 
Culture time after insemination(hrs) 
Fig. 3-5. P「onuclearoocytes matured and fertilized in vitro. 
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1 0 1 2 15
Culture time after insemination(hrs) 
Caffeine 
司固・ ・・ ・・ ・
Heparin 
18 
Fis. 3-6. Oocytes matured and fe「tilized in vitro having 
enlarged sperm head and female pronucleus. 
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6, 1988, 1989）、 Fukuiet al. ( 1990）他により報告されている。
精子前培養は体外受精の受精時間の同期化にとっては重要であり、精子侵入時間を均
一に揃えて正常な受精を期待するためには、 2.5時間程度の精子前培養が必要であること
が示された。 Parrishet al. (1988）は、 TALPを用いた受精条件であるが、 lOmMHepで4時
間前培養した場合においても電子顕微鏡的に先体反応は始まっておらず、 Lysophospha-





















Park et al. (1989）は、 HepとCafを併用した処理区ではあるが授精の3時間後から雄性
前核を、授精の4時間後には雌雄両前核を観察している。 Hep処理区ではXuand Greve(l 
988）が受精像は6時間目から観察されはじめ、 8時間以後に雌雄両前核を確認している。
Saeki et al.(1991)は、 3時間後から精子侵入像をさらに7時間後から雌雄両前核を確認
している。本実験では、 Saekiet al.(1991)に比較して1時間程度侵入が早く認められた
が精子侵入と雌雄両前核の出現がほぼ同様の時間的推移を示していた。また、体内での
















erc et al.(1990）の報告は、今回の結果を支持した。また、 Hep結合蛋白質がウシ精子表
面に存在することも明らかとなっておりウシ精子の受精能獲得および先体反応に大きく







































































































むリンゲル氏液、耐凍剤には1.4M g I ycero lを用いた。店主盤胞は、 gJycerolを0.47M含む
凍結基礎媒液に5分、 0.93M含む液に5分および最終濃度である1.4M含む液に3分間それぞ
ー 74-
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Fig. 4-1. Relationship of plunging temperature and viability of post-thawing 
bovine embryos matured and fertilized in vit「o,and developed in 
vivo or in vi t「o.
The number of replicate samples and the total number of blastocysts 
recovered after thawing (in parentheses), starting with samples 
plunging at -21・C,were 2(23), 2(38), 3(32), 2(24), 2(23), 2(54) and 
2(39) for rabbit oviduct: and 3(39), 2(41), 3(39), 3(42), 3(61), 



































































































Table 4-1. Effects of cooling rate and plunging temperature 
on the post-thawing survival of bovine embryos 
matured, fertilized and developed in vitro 
Cooling Plunging No.(%) of embryos 
rate tempera-
（℃／min.) ture（℃） Examined Survived・ Developed・・ 
-30 36 31(86. 1 )8b 17(54 .8)8 
0.3 -33 62 30(48.4）・ 11(36.7)9 b 
-36 52 33(63. 5)d・12(36.4)ab
2ー1 68 40（日.8)e 10(25.Q)b 
2ー4 63 39(61.9）・ 9(23.1)b 
2ー7 76 63(82.9)ab 21(33. 3)8 b 
0.5 -30 53 43(81.1)・be15(34.9)8b 
3ー3 68 59(86.8）’ 28(47.5)• 
-36 122 103(84.4)•b 50(48. 5)8 
』 39 61 55(90. 2)8 20(36.4)•b 
・ーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーー一『ーーーーーーーーー
-30 42 34(81.Q)abcd 7(20.6)b 
0.7 -33 42 28(66.7)0de 9(32.1)•b 
-36 43 31(72.1)bcde16(51.6)• 
a,b,c,d,e:The different superscripts are significantly 
different in same column(P<0.05). * : Rate of embryos examined. 
* *:Rate of embryos survived. 
一81-
Table 4-2. Effect of dehydration temperature 
during cooling process on the viability 
of bovine embryos matured, fertilized 
and developed in vitro 
Dehydration No.(%) of embryos 
tempera-

























a,b:The different superscripts are significantly 
different in same column(P<0.05). * : Rate of embryos examined. 
* *:Rate of embryos survived. 
Cooling rate is 0.3℃／minute. 
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Table 4-3. Viability of transferred bovine blastocysts 
matured fertilized and developed in vitro 
Cooling Plunging No. of No.(%) of 
rate tempera- cows pregnant 
（℃／min.) ture（℃） transferred cows 
0.3 3ー6 15 4 (26.7) 
0.3 -30 14 9 (64.3) 
0.5 3ー3 16 9 (56.3) 
0.5 3ー6 16 7 (43.8) 
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Fig. 4-2. Morphological changes of frozen-thawed bovine embryos during 
〆 stepwiseglycerol removal and culture in vitro. 
A: Cooling rate was 0.3℃／min. and plunging temperature was -36℃． 
B: Cooling rate was 0.3℃／min. and plunging temperature was -30°C. 
C: Cooling rate was 0.5℃／min. and p 1 unging temperature was -33°C. 
D: Cooling rate was 0.5℃／min. and plunging temperature was -36°C. 
1. An embryo in 10% glycerol solution before freezing. 


































































































(Leibo;1983, 1984, 1985, 1986,Renard;1983，富永ら；1986）。その中で、富永ら(1986)
は、ストロー内にgJycerolを含む凍結媒液、 0.6MシュークロースとBMOC-3(Brinster;19
71)を封入する方法を開発し、 50%の受胎率を得たと報告している。この方法は、 3種類







































．．← G+S Embryo →lo' 
←B 
After mixing of 





After mixing of 




Fig. 4-3. Schematic drawing of glycerol dilution carried out within 
the straw. 
G : freezing medium, S : 0.6M sucrose solution, B : BMOC-3 medium. 
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Table 4-4. Different methods of glycerol removal and 
viability of frozen-thawed bovine blastocysts 




No. of No.(%) of embryos 
embryos 





103 (84.4) 50 (48.5) 
14 (93.3) 9 (64.3) 

























Fig. 4-4. Mo rpho logical changes of f rozen-thawed bovine embryos during 
2 step glycero l removal and culture in vi t ro. 
Cooling rate was 0.5°C/min. and plunging temperature was -35°C. 
1. An embryo in 10% glycerol sol ution before f reezing. 
2. Frozen thawed embryo 2 hours af ter culture in TCM-199 med ium. 
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Table 4-5. Different methods of glycerol removal and 
pregnancy rate of frozen-thawed bovine 
blastocysts matured, fertilized and 




No.(%) of recipients 
Transferred Pregnant 
Stepwise 46 
Two step method 
Transfer after washing 16 
Direct transfer 28 
25 (54.3) 
8 (50.0) 





































































































































































Betteridge, K. J. (1977) In vitro fertilization and use of follicular oocytes. 
In Embryo transfer in farm animals, Canada Dept. Agriculture Press 16,pp9. 
Betterbed, B. and R.W.Wright, Jr.(1985) Develop11ent of one-cell ovine embryos 
in two culture media under two gas atmospheres. Theriogenology 23, 547-553. 
Bilton, R. J. (1980) Preservation of e皿bryosof the large do田esticspecies. 
Proc. 9th Int. Congr. Animal. Reprod. Artific. Insem.(Madrid), 245-252. 
Brackett, B. G. and G. Oliphant(1975)Capacitation of rabbit spermatozoa in 
vitro. Biol. Reprod., 12: 260-274. 
Brackett, B. G., D. Bousquet, M. L. Boice, W. J. Donawick, J. F. Evans and M. 
A. Dressel (1982) Normal development following in vitro fertilization in the 
cow. Biol. Reprod. ,27: 147-158. 
Brinster, R. L. (1971) In vitro culture of the embryo. In Pathways to Concep-
tion. Charles C. Thomas Publishing Company, Springfield, Illinois. 
Critser E. S., M. L. Leibfried-Rutledge, W. H. Eyestone, D. L. Northey and N. 
L. First (1986) Acquisition of developmental co皿petenceduring皿aturationin 
vitro. Theriogenology, 25:150. 
Davis, D. L. and B. N. Day(1978) Cleavage and blastocyst formation by pig eggs 
in vitro. J. Anim. Sci., 46:1043-1053. 
Dorfmann, A. D., S. Bender, P. Robinson, E. Fugger, M. Bustillo and J. D. 
Schulman (1987) Effects of reduced oxygen concentration on in vitro 
fertilization and cleavage of human oocytes. 43rd. Annual Meeting of the 
American Fertility Society, 46. 
Edwards, R. G. (1965) Maturation in vitro of mouse, sheep, cow, pig, rhesus 
monkey and human ovarian oocytes. Nature(London), 208: 349-351. 
Eng, L.A., E.T. Kornegay, J. Huntington and T. Wellman(l986) Effects of 
incubation temperature and pig oocytes in vitro. J. Reprod. Fert., 76:657. 
Eppig, J. J. (1980) Role of serum in FSH stimulated cumulus expansion by mouse 
-109 -
oocyte-cumulus cell complexes in vitro. Biol. Reprod., 22:629-633. 
Erickson, B. H.(1966)Development and senescence of the postnatal bovine ovary. 
J. Anim. Sci., 25:800-805. 
Fraser, L. R. (1979) Accelerated mouse sperm penetration in vitro in the 
presence of caffeine. J. Reprod. Fert., 57:377-384. 
Fraser, L. R. (1987) Minimum and maximum extracellular Ca 2 + requirements 
during mouse sperm capacitation and fertilization in vitro. J. Reprod. Fert., 
81:77-89. 
Freshney, R. l.(1987)The culture environment: Substrate, gas phase, medium and 
temperature. In Culture of animal cells.(Freshney, R. I. ed.)Alan,R. Liss, Inc, 
New York: pp57-84. 
Fukuda, Y, M. Ichikawa, K. Naito and Y. Toyoda(1990) Birth of normal calves 
resulting from bovine oocytes matured, fertilized, and cultured with cumulus 
cells in vitro up to the blastocyst stage. Biol. Reprod. 42:114-119. 
Fukui, Y., M. Fukushima and H. Ono(l983) Fertilization and cleavage of bovine 
follicular oocytes in rabbit reproductive tracts after maturation in vitro. J. 
Exp. Zool.,226:137-142. 
Fukui, Y., M. Fukushima and H. Ono (1985) In vitro maturation of bovine 
oocytes recovered from follicles of various sizes. Res. Bull. Obihiro Univ., 
14:211-217. 
Fukui, Y. and H. Ono(l989) Effects of sera, hormones and granulosa cells added 
to culture medium for in-vitro maturation, fertilization, cleavage and develop 
ment of bovine oocytes. J. Reprod. Fertil., 86:501-506. 
Fukui, Y. (1990) Effect of follicle cells on the acrosome reaction, 
fertilization and developmental competence of bovine oocytes matured in vitro. 
Mo!. Reprod. Dev., 26:40-46. 
Fukui, Y., T. Sonoyama, H. Mochizuki and H. Ono(l990)Effects of heparin dosage 
and sperm capacitation time on in vitro fertilization and cleavage of bovine 
oocytes matured in vitro. Theriogenology,34:579-591. 
- 110 -
m ti'; ii 'l& ' mm68 ' {E EB a ' iii~ BJEE (1986) W5'1-~frf 0) t: ~ 0) tt-ffl-T ir1.tfHU!0) fiiitf:: 
J.JrJt?!tt, -f 0)2. B;;t;:llf£~~*~m18@1mij{~~. 11. 
mifi';mz, ~,-1<t1~-oo, *EBJgii, ui""f5l68, DI*~B80986)tt-ffl-rO)~~tt e: ,,, .i.. A 
~-7.A }- . J(;J!JllfiAUJf¥G.23:60-64. 
Gordon, I. and K. H. Lu (1990) Production of embryos in vitro and its impact 
on livestock production. Theriogenology, 33:77-87. 
Goto, K., Y. Kajihara, S. Kosaka, M. Koba, Y. Nakanishi and K. Ogawa (1988) 
Pregnancies after co-culture of cumulus cells with bovine embryos derived from 
in-vitro fertilization of in-vitro matured follicular oocytes. J.Reprod. Fert. 
83:753-758. 
Haidri, A. A., I. M. Miller and R. B. L. Gwatkin(1971)Culture of mouse oocytes 
in vitro, using a system without oil or protein. J. Reprod. Fert., 26:409-411. 
Ham, R. G. and W. L. McKeehan (1981) Media and growth requirements. In Cell 
culture, (Jakoby, i.B. and l.H.Pastan, eds.) Academic press., London.pp44-93. 
:fEEB$:, HlifilH~g!, iii~J*~( 1985a)W5'1-~ffll~ ~ ~t .'!> '? vffl-TfrJ~Jl~O)fiijtf::J.l!Jt?!tt. 
B8f060$t~:f:k**llf~M~~mijt~'§. 12. 
:fEE8$:, iii~.!*~, 11R;;$:~-, 1J,f*t(l985b)W5'1-~ffl ~ tit:tt-W5'1-P.X~~#~-TO)~mllm""­
O)~ff. m11@1s;;t;:llf£~~*~mij{~'§.19. 
:fEEB$:' iii~.Bft~' n*ilfi( 1986)W5'1-P.X?J.!#~rO)W)'1.~ffll~ J: !'.) f-!il 6 ti t.:tf::~O)#F"1-
l4ft-Jf$fi~H~ J: .'!>~~te£111J. m18@1 B;;t;:llf£~~*~~ij{~~, 18. 
:fEE8$:(1986) '? v I~ ~~t .'!>W5'1-~ffl, c <I~ -1:;t/*71~ J: .'!>fflrO)~fflfi~Klf-!il. *llf 
~9il[t!;, 31: 56P-61P. 
Handrow, R. R., R. W. Lenz and R. L. Ax (1982) Structural comparisons among 
glycosaminoglycans to promote an acrosome reaction in bovine spermatozoa. 
Biochem. Biophys. Res. Com., 107:1326-1332. 
Hillery, F. L., J. J. Parrish and N. L. First (1990) Bull-specific effect on 
fertilization and embryo development in vitro. Theriogenology.33,249. 
Hurst, R. E., R. L. Bynum, E. Einfeldt and Johnny (1988) The identification of 
- 111 -
a heparin-bindng protein on the surface of bovine sperm. Biochem. Biophys.Res. 
Commum., 153:289-293. 
Hyttle, P., T. Greve, K. P. Xu and H. Callesen (1987) Ultrastructural aspects 
of bovine fertilization in vivo and in vitro. Application of egg and embryo 
technologies to domestic animals, Copenhagen, pp41-44. 
lritani, A. and K. Niwa(l977) Capacitation of bull spermatozoa and 
fertilization in vitro of cattle follicular oocytes matured in culture. J. 
Reprod. Fert., 50:119-121. 
A~ 11J:l(1981): fJJMIHSOJ1:ff'.~±jUJfJ"tm:um~IJJ~O)fJJWJ~1:. (~~h:~n.1miiUO~ . 
.A~ 11J:J.n*tkm. tIJ ~)J.fI~tt.*JF..pp343-35o. 
lritani, A., M. Kasai, K. Niwa and H. B. Song (1984) Fertilization in vitro of 
cattle follicular oocytes with ejaculated spermatozoa capacitated in a 
chemically defined medium. J. Reprod. Fert., 70:487-492. 
lritani, A., K. Utsumi, M. Miyake and Y. Yamaguchi(1986) Individual 
variation in the in vitro fertilizing ability of bull spermatozoa. Develop. 
Growth and Differ., Suppl.28,45. 
Iwasaki, S., N. Yoshiba, H. Ushijima, S. Watanabe and T. Nakahara (1990a) 
Morphology and proportion of inner cell mass of bovine blastocysts fertilized 
in vitro ana in vivo. J. Reprod. Fert., 90:279-284. 
Iwasaki, S., N. Yoshiba, S. Watanabe and T. Nakahara(l990b)Differential nuclea 
staining and cell count of trophectoderm and inner cell mass of bovine 
blastocyst fertilized in vitro by double fluorochrome dye technique. Jpn. J. 
Anim. Reprod., 36: 60-65 
Jones, H. P., R. W. Lenz, B. A. Palevitz and M. J. Cormier (1980) Calmodulin 
localization in mammalian spermatozoa. Proc. Natl. Acad. Sci.USA,77;2772-2776. 
~1*:a, ~iifO>c, 1Nti118=:., q:tE!!f&;~, 1J,J11m~CI987)tt-~~im~~rOJ~'11-~M~J:.a 
~'11-:tgJH:. J:. Q .<)~ft. *•MM~. 33: 173-180. 




~mi:~, *~~-r, 1J\wm::t~, ,J,~Mt-=, ~wfll~, ,J,f*m~, s E1r01, 3Cf«~­
~~Cl988b)tf::.O)i*'1!-~mrn *IH!O)it.a~¥F co7. -r ~ 7fjM?!i;: J: o it.a~:ffi;: "'.) \i' -c) 
m14@l~tif~M~~miliiJ!'&. 29. 
~wiEP.X, m!f~-=:(1991) 7;,,, IVM-IVFE8*1H!§.IJ?!O)lt.a~:ff, ~MttUJ~tt;, 13: 165-
171. 
*~~-r, ~mi:~, ,J,f*m~, ri:Fm(X, 1fiiim, ,J,~Mt-=, ~wfll~, sE~CJC198 
9)tf::.i*'11-~ni83*1H!0)07. .::;- ~ 7°fjM?!i;: J: o it.a~:ff. m82@l B**~~~~iliiJ!'&. 
115. 
Lavy, G., M. P. Diamond, A. Pellicer,W. K. Vaughn and A. H. Decherney (1988) 
The effect of incubation temperature on the cleavage rate of mouse embryos in 
vitro. J. Vitro. Fert. Emb. Trans., 5: 167. 
Leclerc, P., M. A. Sirard, J. G. Chafouleas and R. D. Lambert (1990) Decreased 
binding of calmodulin to bull sperm proteins during heparin-induced 
capacitation. Biol. Reprod., 42:483-489. 
Lehn-Jensen, H. and T. Greve (1982) The survival of cow blastocysts frozen in 
1.4M glycerol after plunging between -15 and -60°C and rapid thawing. 
Theriogenology, 17:95(Abstr). 
Leibfried, M~ L., E. S. Critser, W. H. Eyestone, D. L. Northey and N. L. First 
(1987) Development potential of bovine oocytes matured in vitro or in vivo. 
Biol. Reprod., 36:376-383. 
Leibo, S. P. (1983) Field traial of one-step frozen bovine embryos transferred 
non-surgical l y. Ther i ogeno 1 ogy, 19: 139. 
Leibo, S. P. (1984) One-step method for direct nonsurgical transfer of frozen-
thawed bovine embryos. Theriogenology, 21:767-790. 
Leibo, S. P. (1985) Field traial of one-step diluted frozen-thawed bovine 
embryos: an update. Theriogenology, 23:201. 
Leibo, S. P. (1986) Commercial production of pregnancies from one-step diluted 
frozen-thawed bovine embryos. Theriogenology, 25:166. 
- 113 -
Lenz, R. W.,G. D. Ball, M. L. Liebfried, R. L.Ax and N. L. First(l983)1n vitro 
maturation and fertilization of bovine oocytes are temperature-dependent 
process. Biol. Reprod., 29:173-179. 
Lu, K. H., l. Gordon, M. Gallagher and H. McGovern(1987)Pregnancy established 
in cattle by transfer of embryos derived from in vitro fertilisation of 
oocytes matured in vitro. Vet. Rec., 121:259-260. 
Lu, K. H., I. Gordon, H. B. Chen, M. Gallagher and H. McGovern(1988) Birth of 
twins after transfer of cattle embryos produced by in vitro techniques. Vet. 
Rec., 122:539-540. 
Massip, A. and P. Zwalmen (1984)Direct transfer of frozen cow embryos in 
glycerol-sucrose. Vet Rec,115:327-328. 
Mazur, P. (1977) Slow-freezing injury in mammalian cells. In: The Freezing of 
Mammalian Embryos, Ciba Foundation Symposium 52, Elsevier Excerpta Media, 
North-Holland.ppl9-48. 
Miller, D. J., M. A. Winer and R. L. Ax (1990) Heparin-binding proteines from 
seminal plasma bind to bovine spermatozoa and modulate capacitation by heparin. 
Biol. Reprod., 42:899-915. 
Miller, K. F. and V. G. Pursel (1987) Absorption of compounds in medium by the 
oil covering· microdrop cultures. Gamete. Res., 17:57-61. 
~7fl!f.I, !i~Jjt1:., ~wiEP.X, w~ff!R-T, mmBH, **~, 1EEEl~C1986)? ~w71-nx 
MB-T©W71-~M•®mM~1:.ft~~&~~P.XM~•~M~~a~~~m~M©~-.BH 
f061$ntf'X***~M~~~7Jil~~, 16. 
~lil!f.I (1989) lf.©W71-~M: W71-~M~Pfttocn::~o~lffi~~a7t~P.X*!. m82@JB::;f;: 
*il~~m1Jil~~. 18. 
Moor, R. M. and A. 0. Trounson (1977)Hormonal and follicular factors affecting 
maturation of sheep oocytes in vitro and their subsequent developmental 
capacity. J. Reprod. Fert., 49:101-109. 
Nakao, H. and N. Nakatsuji(1990)Effects of coculture, medium conponents and 
gas phase on in vitro culture of in vitro matured and in vitro fertilized 
bovine embryos. Theriogenology, 33:591-600. 
- 114 -
Newcomb, R., W. B. Christie and L. E. A. Rowson(l978) Birth of calves after in 
vivo fertilisation of oocytes removed from follicles and matured in vitro. 
Vet. Rec., 102:461-462. 
Niwa, K. and 0. Ohgoda(l988) Synergistic effect of caffeine and heparin on in-
vitro fertilization of cattle oocytes matured in culture. Theriogenology, 30: 
733-741. 
Ohgoda, 0., K. Niwa, M. Yuhara, S. Takahashi and K. Kanoya (1988) Variations 
in penetration rate in vitro of bovine follicular oocytes do not reflect 
conception rates after artificial insemination using frozen semen from 
different bulls. Theriogenology, 29:1375-1381. 
1Nff;!f~-, ~ EE$~(1988)¥~§£~#~ c #!SL t: <?:A 8:B ~ lf16?t~JBSO)~#t:U:.& 
i£i""PHAt~ 6 lfl.:tfiJl~(f§~{40)~fl, ~~~§ii~, 34: 1-7. 
*~<it .. [0]~$0], pgift~=:, A~~(1989)~~mfjMO)t.:690)? :/Jlflt*ffi*#cl$M 
¥!0)00§£, ~M&~~ .. 11: 14-19. 
Park, C. -K., 0. Ohgoda and K. Niwa (1989) Penetration of bovine follicular 
oocytes by frozen-thawed spermatozoa in the presence of caffeine and heparin. 
J. Reprod. Fert., 86:577-582. 
Parrish, J. J., J. L. Susko-Parrish and N. L. First (1985) Effect of heparin 
and chondroitin sulfate on the acrosome reaction and fertility of bovine sperm 
in vitro. Theriogenology, 24:537-549. 
Parrish, J. J., J. L. Susko-Parrish, M. L. Leibfried, E. S. Critser, W. H. 
Eyestone and N. L. First (1986) Bovine in vitro fertilization with frozen-
thawed semen. Theriogenology, 25:591-600. 
Parrish, J. J., J. L. Susko-Parrish, M. A. Winer and N. L. First (1988) Capa-
citation of bovine sperm by heparin. Biol. Reprod., 38:1171-1180. 
Parrish, J. J., J. L. Susko-Parrish and N. L. First (1989) Capacitation of 
bovine sperm by heparin:lnhibitory effect of glucose and role of intracellular 
pH. Biol. Reprod., 41:683-699. 
Pellicer, A., A. Lightman and A. H. DeCherney (1989) The effect of prefreezing 
- 115 -
in vitro culturing on the success of embryo freezing in mice. J. Vitro. Fert. 
Embryo Transfer, 6:176-179. 
Pincus, G. and E. V. Enzmann (1935) The comparative behavior of mammalian eggs 
in vivo and in vitro. J. Exp. Med., 62:665-675. 
Quinn, P. and G. M. Harlow (1978) The effect of oxygen on the development of 
preimplantation mouse embryos in vitro. J. Exp. Zoo!., 206:73-80. 
Renard, J. P., Y. Heyman, P. Leymonie and J. C. Plat (1983) Sucrose dilution: 
A technique for field transfer of bovine embryos frozen in the straw. Therio-
genology, 19:145. 
Saeki, K., H. Kato, Y. Hosoi, M. Miyake, K. Utsumi and A. Iritani (1991) Early 
morphological events of in vitro fertilized bovine oocytes with frozen-
thawed spermatozoa. Theriogenology, 35:1051-1058. 
{tifif~~, A.f; ~' E!BJll~iE(1977):7:7&tt7~~~Jm~~O)~~ifHt,c<1;:#~0)1i_Xf.A 
1;:~f1'9 ."!>~~l;:-Jl.i''L. *tf~M~, 23: 12-18. 
{&Ji~~, A.~ ~, E!BJll~iE(1978) 7 ~ #~Jm~~O)~~P-X~.A:ts J:.ttti!itHl:ffl.~l;:-Jl.i''L, 
Btf~*1, 49: 236-242. 
Schroeder, A. C. and J. J. Eppig (1984)The developmental capacity of mouse 
oocytes that· matured spontaneously in vitro is normal. Devel. Biol., 102:493-
497. 
Shea, B. F., J. P. A. Latour, K. N. Bedirian and R. D. Baker (1976) Maturation 
in vitro and subsequent penetrability of bovine follicular oocytes. J. Anim. 
Sci., 43:809-815. 
Shi, D. S., K. H. Lu and I. Gordon (1990) Effect of bulls on fertilization of 
bovine oocytes and their subsequent development in vitro. Theriogenology, 33: 
324. 
Shioya, Y., M. Kuwayama, M. Fukushima, S. Iwasaki and A. Hanada (1989)ln vitro 
fertilization and cleavage capability of bovine follicular oocytes classified 
by cumulus cells and matured in vitro. Theriogenology, 30:489-496. 
Sirard, M. A. and R. D. Lambert (1985) In vitro fertilization of bovine 
- 116 -
follicular oocytes obtained by laparoscopy. Biol. Reprod., 33:487-494. 
Sirard, M. A. and R. D. Lambert (1986) Birth of calves after in vitro 
fertilisation using laparoscopy and rabbit oviduct incubation of zygotes. Vet. 
Rec., 119: 167-169. 
Stubbings, R. B., K. J. Betteridge and P. K. Basrur (1988) Investigations of 
culture,requirements for bovine oocyte maturation in vitro. Theriogenology, 29 
:313. 
tta~lli, mAmlli, p;im~~, ~~iE~Cl979) cUafflrO)il!JW~O)fflrm::n, M~~~ 
JUic~~tt, AI~fflUJftt;, 1:9-12. 
~mJ¥¥, :ffiEB¥(1984)-1' ;;!- / * YA23187t:~.BJIH ... t:? ~lrftf:lfflr0){;$:~1;::t-H:t-"!>~im 
*f~~--'"'.l..A :7-§~~0)~),., *if~Mtt;, 30:30-39. 
Tervit, H. R., D. G. Whittingham and L. E. A. Rowson (1972) Successful culture 
in vitro of sheep and cattle ova. J. Reprod. Fert., 30:493-497. 
Thibault, C., M. Gerard and Y. Menezo (1975) Preovulatory and ovulatory 
mechanisms in oocyte maturation. J. Reprod. Fert., 45:605-610. 
Thompson, J. G. E., A. C. Simpson, P. A. Pugh, P. E. Donnelly and H. R. Tervit 
(1990) Effect of oxygen concentration on in-vitro development of preimplanta-
tion sheep and cattle embryos. J. Reprod. Fert., 89;573-578. 
Mik~-ll!~, m~~z, p;im~~, *EB!gi1L ~EBn:J'f;, ~-r~~0985)-tf:IH:!~*51;:& 
'£Tm~~. ~Mlift\UJf¥fJ, 22: 37-46. 
'Mik~-~, m~~z, *EB±giit, 1.li""fiJA112, m~iNll2Cl986)~*51H:!t$mO)fmiHt.~• 
ift\UJf¥fJ' 23: 50-59. 
J:EB~=' *~J~Jir' L.L(fltt:Ft' EBO~~(l989){;$:~~ffl§~O)ffl.i1!!f$M. mr.l1~t'tt\UJf~. 
C-9: 19-24. 
,~r.r.J~, !ffEB~-, t'J*!k:, 1¥~=, ~Bil-, 1i~~(l989)ffi:M~iel.ttfH'.[;*1;:~~:t 
-"!>~?A 2-ce 11 7' p ':/ :7 M~I;: """.) \i' -r. um~§~li}ftt;, 6: 67-68. 
p;im~~, ~!ff~m, ~~iE~, ~iti~*i~, tta!i!i!h mAmffi-C198o)tt-~*5fflrO)~ 
ililiz: c ~*5fm1;: """.) \i' -r : ~ 7.::::. :,...-*-fS~I;: J:-"!> fflrlm~:J'f;~J.t 0)1Jl1J)E' AI~fflU]ftt;, 2 
- 117 -
: 84-87. 
P1m~=, ~l*iE~Cl974) 7 ·:1 1-~m§~O)i*~~:ff1;:fJ.!Ji""-'!>UJfJ'E, c <1;: r7-1' Y-1' 7-
7 Jv ::i-1v1;: J:-'!> <*~~¥fl;: -Jlc'"'C. ~w:k..l!l~~, 44:24-21. 
Utsumi, K., H. Kato and A. Iritani (1991) Full-term development of bovine 
follicular oocytes matured in culture and fertilized in vitro. Theriogenology, 
35:695-703. 
Wright, R. W., Jr., G. B. Anderson, P. T. Cupps and M. Dorst (1976a) Successfu 
1 
culture in vitro of bovine embryos to the blastocyst stage. Biol. Reprod., 14: 
157-162. 
Wright, R. W., Jr., G. B. Anderson, P. T. Cupps and M. Dorst (1976b) Blastocys 
t 
expansion and hatching of bovine ova cultured in vitro. J. Anim. Sci., 43:170-
174. 
Wright, R. W., Jr.(1977) Successful culture in vitro of swine embryos to the 
blastocyst stage. J. Anim. Sci., 44:854-858. 
Xu, K. P., T. Greve, H. Callesen and P. Hyttel (1987a)Pregnancy resulting from 
cattle oocytes matured and fertilized in vitro. J. Reprod. Fert., 81:501-504. 
Xu, K. P., R. Hoier and T. Greve (1987b) Dynamic changes of estradiol 
concentration in two culture systems for bovine oocyte maturation in vitro. 
Theriogenology, 27:297. 
Xu, K. P. and T. Greve (1988) A detailed analysis of early events during in-
vitro fertilization of bovine follicular oocytes. J. Reprod. Fert. ,82:127-134. 
- 118 -
STUDIES ON IN VITRO FERTILIZATION OF BOVINE FOLLICULAR OOCYTES 
AND FREEZING EMBRYOS DERIVED FROM IVM-IVF OOCYTES 
Moriyuki FUKUSHIMA 
Pr~sent study was to establish the methods of in vitro fertilization of 
bovine follicular oocytes matured in culture, in vitro culture and 
freezing embryos. 
The results obtained are summarized as follows: 
I . Study on the culture condition which effects to the in vitro 
maturation of bovine follicular oocytes 
1. The effects of gonadotropins and estradiol-17 f3 added Into a 
maturation medium of bovine follicular oocytes in vitro on the 
subsequent capacity for fertilization and embryonic development 
Effects· of gonadotroplns (LH and FSH) and estradiol-17 f3 (E2) added 
into a maturation medium of bovine oocytes were evaluated for the 
subsequent capacity of in vitro fertilization and embryonic development 
into blastocysts after culture in the rabbit oviducts. The fertilization 
rates were between 88.2% and 90.9% and no significant difference could 
be found in each category (P<0.05). In the case of the 4-cell embryos into 
blastocysts, the difference can be recognized between no additional and 
10 µ g/ml LH, 1 µ g/ml E2 and 2 µ g/ml FSH. However, the reason of these 
differences was not clear. As for the developmental rate into blastocysts, 
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no difference between each category could be recognized. 
These results indicate that the addition of gonadotropins and E2 into 
a maturation medium had no positive effect on the fertilization rate and 
embryonic development of bovine IVM oocytes when they were 
co-cultured with granulosa cells containing cumulus cells. 
2. The effects of incubation temperature on the subsequent fertiiizability 
and embryonic development of bovine oocytes matured and fertilized in 
vitro 
The effect of incubation temperature on the subsequent fertilization 
rate and embryonic development of bovine IVM-IVF oocytes were 
examined. Although the tendency is different depending on bull 
spermatozoa, 39 °C was more effective than 37 °C on maturing and 
fertilizing temperature of bovine oocytes. Then, effects of incubation 
temperature by separating oocyte maturation and fertilization were 
examined. The fertilization rate was high when the culture was kept at 39 
°C. The rate of embryonic development to the blastocyst stage could not 
be improved when they were matured at 37°C and changed to 39°C after 
insemination. Also when postinsemination was 37°C, the appearance of 
blastocysts was delayed by one day and the developmental rate was also 
low compared with the 39 °C situation. These results indicated that 
incubation temperature during maturation, for the sperm preincubation, 
and before and after insemination should be 39°C. 
3. The effect of oxygen tension In the gas phase during maturation 
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process on the subsequent fertilizability and embryonic development of 
bovine oocytes 
The effects of oxygen tension In the gas phase during maturation 
process on the in vitro maturation and the subsequent fertilization of 
bovine oocytes were investigated. The in vitro maturation rate for bovine 
oocytes was highest at 10% oxygen tension and decreased in the higher 
oxygen tension. The 35% oxygen tension was significantly (P<0.05) 
decreased maturation rate of 66.9% compared to those of others at 78.6 to 
83.3%. Similar results were obtained for the monospermic fertilization 
rate. The rate of embryonic development after fertilization in actual 
measurement of oxygen tension of 13% was significantly higher compared 
with 20% oxygen tension (P<0.05). 
II . Individual variation in the in vitro fertilizing ability of bull 
spermatozoa and effects of heparin and caffeine added Into sperm 
pre-Incubation medium on the subsequent fertilizability and embryonic 
development 
1. Individual variation in the in vitro fertilizing ability of bull 
spermatozoa 
Individual variation in the in vitro fertilizing ability of bull 
spermatozoa was investigated comparatively. There was individual 
variation in the fertilizing rate. The Individual with a low fertilization 
rate also had a low rate of beyond 4-cell stage embryos, and it appears 
that especially sperm from individuals whose fertilization was extremely 
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low (lower than 20%) should not be used for in vitro ferti I ization. There 
was no individual difference in the developmental ability to 4-cell stage 
of the fertilized embryos which were fertilized in vitro with sperms 
having different fertilizing abilities. This suggests that embryonic 
development after fertilization was not affected by factors of sperm due 
to the individual variation in the in vitro fertilizing ability of bull 
spermatozoa. 
2. The effects of heparin and caffeine added into sperm pre-incubation 
medium on the subsequent fertilizability and embryonic development 
The addition of heparin and caffeine significantly improved the 
fertilization rate and the developmental rate to the blastocyst stage 
(P<0.05). This might be a reflection of the increase in the normal 
fertilization rate imonospermic fertilization rate) by both addition of 
heparin and caffeine. However, there is no synergistic effect by using 
both heparin and caffeine. 
As for the final (18 hours insemination) fertilization rate, there was no 
difference between groups added with caffeine and heparin. However, it 
was revealed that in the process of early fertilization, penetration of 
heparin added sperm was quick and compared with that of caffeine added 
sperm, suggesting that heparin has more important role on capacitation 
and acrosome reaction than caffeine. It was also suggested that addition 
of heparin may be effective for the synchronized formation of male and 
female pronucleus, and consequently the embryonic development. 
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Ill Freezing bovine blastocyst stage embryos derived from IVM-IVF 
oocytes 
1. The effects of culture condition on the subsequent freezability of 
bovine embryos derived from IVM-IVF oocytes and cultured In vitro or in 
the rapbit oviduct 
Effect of culture condition on the subsequent freezability of bovine 
embryos derived from IVM-IVF oocytes and cultured in vitro or in the 
rabbit oviduct was Investigated. Depending on the culture condition 
after in vitro fertilization, the quality of embryos is different and related 
to freezability of embryos. In vitro fertilization and cultivation 
blastocysts at present had low resistance to mechanical shock during the 
cooling for freezing, and the temperature to generate the solution effect 
at cooling period was high compared with blastocysts cultured in the 
rabbit oviduct. It had also a low physicochemlcal resistance to the 
dehydration and the concentrated salts after dehydration depending on 
the permeability of cell was low. 
2. The effects of the cooling rate and liquid nitrogen plunging 
temperature on the subsequent post-thawing viability of bovine embryos 
derived from IVM-IVF oocytes and cultured in vitro 
The effects of the cooling rate and plunging temperature in the liquid 
nitrogen on the subsequent viability of bovine embryos derived from 
IVM-IVF oocytes and cultured in vitro was investigated. The viability of 
embryos was high at -30°C (LN2 plunging temperature) and was higher 
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compared with -33°C and -36"C categories at a cooling rate of 0.3°C 
/minute, but on the other hand that of at 0.7°C/minute, -36°C was the 
best compared with others. At 0.5°C/minute,-33°C and -36°C were high 
compared with the other categories. In order to investigate the limit of 
dehydration when cooling at the rate of 0.3°C/minute the increase of the 
tempe~.ature from each was significantly reduced, due to the damage 
(solution effect) by excessive dehydration, when temperature was under 
-45°C. 
The conception rate of post-thawing bovine embryos after transfer 
was compared in 4 categories including 3 different cooling curves which 
could get high viablllty rate; freezing curve to cooling of -36°C at 0.3°C 
/minute usually used when freezing embryos derived from bovine 
(control category). Compared with the control category, the conception 
rate of the test category was improved. This viability of embryos 
showing the results of the incubation test can be used as an index of 
viability of embryos including conception capability. The total conception 
rate of the. 3 categories were 54.3% (conception of 25 recipients out of 46) 
and the rate was not bad compared with embryos derived from donor 
cows. 
3. Studies on frozen-thawed embryos derived from IVM-IVF oocytes 
with reference to the glycerol-removing methods in the straw 
In order to apply the one-step glycerol dilution in straw to the field 
trials, the IVM-IVF embryos were frozen under the optimal conditions, 
and frozen-thawed embryos were transferred to the recipients to 
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examine their conception rate. It was indicated that a more than 50% 
conception rate was obtainable, and it was clarified that it is possible to 
do thawing and direct transfer of embryos in the field. 
After this study, maturity of oocytes, preincubation treatment of 
sperm, and in vitro incubation condition can be considered as a factor 
related to the rate of embryonic development in bovine follicular oocytes. 
In order to get a high embryonic developmental rate, it is Important to 
establish the optimum maturation condition and sperm preincubation 
condition. Also even If a high embryonic development rate was obtained, 
as for the freezability of embryos, Incubation conditions after 
fertilization must have a large factor. Therefore, I believe that it is 
necessary to make clear and to improve the in vitro cultivation 
environment In the future. 
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